This paper presents a new picture of the labor market e¤ects of technological change in pre-WWII United States. I show that, similar to the recent computerization episode, the electri…cation of the manufacturing sector led to a "hollowing out" of the skill distribution whereby workers in the middle of the distribution lost out to those at the extremes. To answer this question, a new dataset detailing the task composition of occupations in the United States for the period 1880-1940 was constructed using information about the task content of over 4,000 occupations from the Dictionary of Occupational Titles (1949). This unique data was used to measure the skill content of electri…cation in U.S. manufacturing. OLS estimates show that electri…cation increased the demand for clerical, numerical, planning and people skills relative to manual skills while simultaneously reducing relative demand for dexterity-intensive jobs making up the middle of the skill distribution.
Introduction
Electri…cation transformed the ways in which goods were manufactured in the United States after 1900.
Economic historians have long been interested in this episode, described by Jovanovic and Rousseau as the introduction of one of the "two most important general purpose technologies to date" 1 , along with the growth in information technologies in the latter part of the twentieth century. Typically, the research focus has been on identifying the energy input savings and productivity gains 2 . Here, I will highlight the labor market e¤ects with a focus on the period 1880-1940-speci…cally, I show that electri…cation caused a "hollowing out" of the skill distribution, similar in nature to the phenomenon described in studies of inequality in the United States since 1960. To investigate this topic, I decompose the impact of electri…cation on the workforce using data on the production tasks that became increasingly in demand and the tasks that disappeared and were replaced by machinery. In doing so, the paper helps explain why Goldin and Katz (2008) …nd evidence of skill-bias while Lindert and Williamson (1980) document a fall in the skill premium earned by high-skill blue collar workers. In the race between education and technology, this paper resurrects technology as a contributor to inequality trends during this period.
The motivation for this research comes partly from the current debate surrounding the determinants of the increase in inequality over the last forty years in the United States, for which skill-biased technological change is frequently cited as a main culprit, followed by the growth of trade and outsourcing and changes in labor market institutions including the rate of unionization. Autor, Katz and Kearney (2006) summarize the pattern of U.S. wage variation over 1973-2004 as representing a "polarization" of the labor market, with relative demand for the highest and lowest wage jobs growing at the expense of mid-level jobs 3 . Autor, Levy and Murnane (2003) , in an e¤ort to uncover the role of technological change (namely computerization) in this development, used a modern dataset on the tasks required of occupations that is similar to the historical dataset used here. Using variation across industries and over time they found that demand for non-routine tasks increased while demand for routine-cognitive and routine-manual skills fell, suggesting that computers are complementary to the former but substitute for the latter.
The skill content of technological change has been the subject of a number of historical papers as well, some of which attempt to explain trends in inequality with others focusing on explaining the exact nature of technological change. There is a consensus among economic historians that the move from artisanal to factory work in the mid-nineteenth century may have been de-skilling, or at least not biased in favor of skilled workers. Atack, Bateman and Margo (2004) contributed to this consensus 4 , …nding evidence of unskill-biased technical change for the period 1850-1880 using plant-level data from two censuses of manufactures. Speci…cally, they …nd that the move to factory production likely led to an increased division of labor so that teams of unskilled workers could perform tasks previously done by a handful of skilled workers. They conclude that large …rms paid lower average wages implying that they were hiring lower skill, cheaper workers. However, the story is a little more complicated than this.
The complexity of products and the number of products was expanding at the time, which may have created an o¤setting demand for skilled workers possessing some specialized knowledge of a particular sector or product. The use of skilled labor was also much higher for establishments using steam power, suggesting a move towards skill-biased technological change-a claim that Goldin and Katz (2008) have made the case for from the 1890s onward.
Turning to the sample period of interest, 1880 -1940 , Lindert and Williamson (1980 documented the long-run trends in U.S. inequality and showed that wage di¤erentials between skilled and unskilled workers in manufacturing declined 5 . Goldin and Katz (2008) agree with this analysis and, using early data for Iowa, found that the education premium also declined for the …rst half of the twentieth century 6 .
This trend is the result of supply and demand factors in the market for labor. Lindert and Williamson discussed the contributions of factors including immigration, education, biased technological change and capital accumulation to the trend. Investigating further, Goldin and Katz (2008) looked across industries that were adopting electric power at di¤erent rates over the period 1909-1940 and showed that in 1940 industries that had adopted electricity more quickly 1909-1929 had more educated blue collar workers. Thus, they asserted that technology was skill-biased and that it has been a fairly steady and constant phenomenon over the twentieth century-the downward trend in the education premium to 1950 must then be explained by the increased supply of educated workers as a result of the "high-school revolution". This paper aims to take a closer look at the true nature of technological change before 1950 and may suggest a more nuanced conclusion than the existing literature has portrayed. This paper takes the most direct approach yet to identifying the skill content of technological change in the period 1880-1940 in the United States. Previous research has used indirect measures of skill such as average establishment wages or occupational pay rates as the variable of interest 7 . Furthermore, pre-1940 there is no consistent and nationally-representative measures of education and incomes which 4 See also Field (1980) -he analyzed the skill composition of the Massachusetts workforce from 1820 to 1880 and found no great increase in skill intensity prior to 1870.
5 Lindert and Williamson (1980), pp. 78-9. 6 New research by Kaboski and Logan (2007) suggests that the trend of the education premium actually varied signi…cantly across US regions. In some regions, it rose steadily upward, which would not be wholly consistent with the Goldin and Katz story. 7 Previous treatments include Atack, Bateman and Margo (2004) and Goldin and Katz (1998) . Acemoglu (2002) criticized the dearth of direct evidence on this issue for the historical period.
Taking Technology to Task motivates the focus on quantity variables in this paper. Here, I will measure skill directly, according to the task composition of each job, and I will analyze the impact of technological change on the relative demand for tasks including managerial, clerical, dexterity and manual tasks. I de…ne a task as a particular activity that is required of an occupation, or the intensity with which a particular skill is used-for example, the "manual" measure describes the extent to which strength is needed in an occupation, while the "clerical" measure details the degree of numerical accuracy and o¢ ce skills required in a job 8 . In this way, I identify the types of changes that electri…cation exacted on the labor market over this period, controlling for shocks to labor supply such as increased educational attainment and immigration which might also have altered the skill distribution of American-born workers. Furthermore, I use an instrumental variables approach which exploits di¤erences across states in the timing of adoption of state-level regulation of the electric utility industry to provide the most rigorously tested results yet of the labor market e¤ects of electri…cation. I …nd evidence that, looking at the manufacturing sector as a whole, numerical, clerical, planning and interpersonal skills increased in demand relative to manual and dexterity skills while, looking only at the skills used intensively on the factory ‡oor, manual skills increased in importance relative to tasks requiring more skill and dexterity.
The identi…cation of this pattern of "polarization" in the labor force is a new result for the electri…cation era, not identi…ed in previous research 9 .
The paper is organized as follows. Section 2 describes the nature of electri…cation and its predicted e¤ects on relative labor demands. In Section 3 I present a theoretical model upon which the empirical analysis is based and in Section 4 I introduce the data. Section 5 explains the empirical strategy and presents the primary results of the paper. Section 6 concludes.
Electri…cation
This section outlines the predicted e¤ects of electri…cation on the manufacturing workforce, as described in the historical and engineering literatures. Jovanovic and Rousseau (2005) have identi…ed 1894 as the start date of the electri…cation era because the median industrial sector had achieved a 1% di¤usion rate by then. As shown in Figure 1 , in 1900 steam was still the dominant source of power but by 1910 electricity was catching up rapidly, overtaking steam some time in the 1910s. This change was due to the technological advances in electricity production at central generating stations, as evidenced by the 8 I go into more detail about the nature of the task measures in Section 4.1 and in the Data Appendix. See Table 1 for a full description of each of the variables mentioned in the text. 9 Chin et al (2006) also …nd a "hollowing out" type of result but they use data from only one industry, the merchant marine. They identify evidence of overall unskill-biased technical change in this industry at the same time as new professional jobs such as merchant engineer were developed. Through historical documentation on engineering advances one can trace the key changes in the character of the American factory following the switch to electricity. The most fundamental shift involved the removal of the steam engine and the overhead shafts and belts which delivered power from engines to machines. In terms of labor demand, the direct e¤ects of electri…cation that are predicted in the literature include a decrease in demand for maintenance workers and a decrease in demand for unskilled laborers who had previously carried un…nished products and tools around the factory but who were now replaced by overhead cranes operated by semi-skilled or skilled workers. The indirect e¤ects, resulting from complementary technological changes made at the time, are less obvious. Electricity proved more e¢ cient than steam since less energy was lost in electric transmission compared to the earlier belting system 11 and, most importantly for this paper, it freed up space for factory re-organization and the introduction of complementary technologies. In the words of Devine (1985) , "electri…cation and plant reorganization often went hand-in-hand" 12 . With steam power, the main objective in the design of a factory was to minimize the ine¢ ciencies of the steam engine-this usually meant that machines requiring the most energy were placed closest to the steam engine and machines of the same type were grouped together. The advent of electricity facilitated the move to "straight-line production" in which products passed through a line of machines. This proved a much faster method of production, contributing to the huge productivity gains that have been associated with technological change in this period 13 . These indirect savings due to electricity were hailed as much bigger than the direct energy savings, as outlined by an engineer with the Crocker-Wheeler Electric Company: "There were many factories which introduced electric power because we engaged to save from 20 to 60 percent of their coal bills; but such savings as these are not what has caused the tremendous activity in electric power equipment that is today spreading all over this country...those who …rst introduced electric power on this basis found that they were making other savings than those that had been promised, which might be called indirect savings" 14 .
Some portion of the indirect savings was likely due to more e¢ cient use of labor-a possibility that is supported by the historical literature. Speci…cally, most of the evidence regarding the labor market e¤ects of technical change to 1940 relate to the factory ‡oor. An early reference, from the 1900 1 0 Woolf (1980) , population census, stated that "A factor that has had a real tendency to lower the actual earnings of the wage earner in many industries is the displacement of the skilled operator by machinery which permits the substitution of a comparatively unskilled machine hand" 15 . It added that the use of power and standardization of products had allowed the unskilled worker to become a skilled operator through the introduction of physical capital 16 . This reference may be more appropriately applied to the late nineteenth century, but the same tendencies may have continued after 1900. Also, the literature on the productivity e¤ects of electricity suggests that the main changes were seen after 1920 when unit drive was introduced on a large scale. Hounshell's survey of the innovations made by the Ford Motor
Company in the 1900s and 1910s states that the company's new factories and machines were designed with simplicity in mind, with the aim that all machinery could be tended by unskilled workers 17 . But, speed and accuracy were also key goals in production, so skilled workers would still be required to some extent. Assembly line production resulted in more routinized jobs and it is argued that electricity was essential to this development 18 . More women may have been able to enter the factory workforce because physical strength and ability to manipulate machinery had become less important. Most of the literature for this era claims that companies using electricity were able to save on both skilled and unskilled labor but that there was an increased demand for the semi-skilled, "whose tasks could be learned in less than a month"
19 . An early study of the e¤ects of mechanization by Jerome (1934) began as a study of the assumed detrimental e¤ects of immigration restriction on industry due to the upward pressure placed on the unskilled wage. However, it evolved into an investigation into the labor displacing e¤ects of factory mechanization, mainly focusing on the post-World War I era. Nye (1990) claimed that electri…cation facilitated consolidation of plants by …rms, who created larger plants at fewer sites than before. Nye (1990 ), p. 385. Also, Chandler (1977 have been needed to control quality over the newly di¤erentiated production process-the integrity of the …nal product now depended on the performance of a larger number of workers and the smooth operation of a larger body of machinery which was run faster than ever before. Outside of manufacturing, jobs were likely created in sales and distribution due to electricity and the complementary growth in the home and o¢ ce appliance industry, patterns that will be investigated in a future draft of this paper.
The range of descriptions and conclusions drawn from the historical literature demonstrates that the overall e¤ect of electri…cation on relative labor demand is ultimately an empirical question. Answering this question will be the goal of the remainder of this paper.
A Model of Task Demand
This section presents a simple model of labor demand which will provide the structure for the empirical speci…cation used below. All variables vary by state, s, and year, t, but I have omitted the subscripts in the …rst 2 equations for clarity. In this model, there is one …nal good, Y, whose price is normalized to 1. Production workers (P ) and non-production workers (C) must work together to produce good Y, as speci…ed in equation (1):
where A P and A C are technology parameters and is the elasticity of substitution between production and non-production workers. All workers perform a range of tasks but non-production workers perform more clerical and managerial types of tasks and to a higher level than production workers. Nonproduction workers may be thought of as the white collar factory employees who were engaged in record-keeping and supervisory duties. Production workers may be thought of as the blue-collar factory employees who were directly involved in goods production. Production workers are further divided into 2 types-those who perform more manual tasks (M ) and those who are more specialized in dexterity tasks (D). Manual tasks are highly intensive in physical strength. Dexterity tasks require a high level of hand-eye or hand-eye-foot coordination. The dexterity and manual tasks are combined in the following way:
where is the elasticity of substitution between M and D workers. Firms choose combinations of tasks in order to maximize pro…ts which yields the following equations for relative labor demand:
where w M is the wage of the manual (M ) workers, w D is the wage of the dexterity (D) workers, w P is some average of the production workers' wages and w C is the wage of the clerical workers. These labor demand equations suggest that equilibrium relative quantities of tasks are determined by relative wages and relative productivities of tasks. Equations (2) and (3) can be adapted further to motivate the empirical analysis. It is assumed that electri…cation will have some e¤ect on the relative productivities of the tasks,
, and no structure is imposed on this relationship. Thus, a measure of electri…cation will proxy for the relative productivity terms in the regressions. The model assumes that labor is supplied perfectly elastically across states so that relative wages are equalized across states 30 .
In other words, the relative wage terms,
, will vary over time only and this e¤ect will be captured by the time …xed e¤ects in the regressions below. This assumption might appear strong at …rst, but is likely reasonable in the context of this paper which uses data from decennial censuses which re ‡ect the long run equilibrium across states and over time. Using these assumptions, I get the following estimating equations (4) and (5) :
More generally, the relative productivity terms might also be a function of capital per worker and there may be shocks to labor supply that in ‡uence the dependent variables. The period saw some notable labor supply shocks such as the in ‡ux of "new" immigrants from Southeast Europe and the high school revolution which led to a signi…cant increase in the supply of educated workers.
Equation (7) below controls for these e¤ects on relative task employment.
Data
To examine the labor market e¤ects of electri…cation, I combine data from several sources on electri…-cation, individual characteristics and the tasks required of each industrial occupation. In this section, I describe each data source. The data cover the entire U.S. but is limited to those employed in the manufacturing sector and is aggregated to the state-year level.
Task data
The task data come from a 1956 publication of the United States Employment Service that was originally constructed to facilitate the matching of unemployed workers to available jobs during the Great Depression. The publication consists of task or trait descriptions for 4000 jobs based on experts'ratings of the jobs on a variety of measures. These data were then listed in the second edition of the Dictionary of Occupational Titles (henceforth DOT), published in 1949. 31 As stated above, a task is a feature of a job and, more speci…cally, details the extent to which a particular skill or activity is used within an occupation. For example, the "manual" variable describes, on a scale of 1 to 5 where 5 includes the heaviest occupations, the level of physical strength needed by an occupation. The "clerical" variable measures, on a scale of 1 to 5, the amount of clerical competency required to perform an occupation, where 1 is the value given to occupations where clerical accuracy is most important. A stenographer would rate low on the manual variable, as it is mostly a sedentary job, and it receives the second highest score in the clerical variable, lower than an occupation such as proofreader where clerical accuracy is even more paramount. In contrast, an example of a job in which clerical accuracy is very unimportant is a machinist. Some variables are dichotomous, such as the "dealingwithpeople"measure, which states whether or not an important feature of a job is that it involves dealing with customers or colleagues 32 .
Several studies have con…rmed the integrity of this task dataset. Trattner et al (1955) conducted one such study to investigate whether the task ratings would change if the analysts constructing them used factory visits instead of DOT descriptions as their basis. He constructed two groups of eight analysts and had them rate ten jobs from various parts of the occupational structure in ten aptitude categories. One group used dictionary de…nitions to construct their rating (like the task data used in this paper), while the other went directly into the workplace, in di¤erent parts of the country. He found that the two sets of ratings were very similar. The U.S. Employment Service conducted its own survey to assess whether or not there were substantial analyst e¤ects in the data (because the rating for a particular task and occupation might be constructed by a single analyst, with their own set of biases and assumptions), and they found that the ratings were consistent across analysts 33 . Ann Miller (1980) headed an evaluation of the DOT project in 1980, after the fourth edition of DOT had appeared. The criticisms outlined by her should not hinder my use of the early data because they are mainly concerned with the fact that 3 1 Estimates of Worker Trait Requirements for 4,000 Jobs (1956) . The second edition contains many job descriptions from the …rst edition, published in 1939.
3 2 See Table 1 below for a full description of all the task variables used in this paper. the same 1950s methodology was still being used in the 1970s to formulate the data. Overall, the data are likely to accurately re ‡ect the task content of jobs in 1949. One caveat is that the data come from the end of the sample period used in this paper and so may not be perfectly representative of the task content of jobs in 1880-an issue that I will address with a number of robustness checks 34 .
In line with the structure suggested by the model presented in Section 3, I constructed proxies for 3 types of tasks-manual, dexterity and clerical. Manual tasks are proxied simply using the strength task intensity measure. Dexterity tasks are represented using a simple average of 4 DOT task measures:
…nger dexterity, manual dexterity, eye-hand-foot coordination and motor coordination. Clerical tasks are usually represented by an average of clerical and numerical accuracy, but in some speci…cations I have created a "managerial" variable which also includes measures of the extent to which a job involves supervising a project or supervising and dealing with people. Finally, the DOT data were coded into an electronic format so that they could be matched with information from the decennial censuses on the occupations in which individuals were working 35 .
Individual characteristics
The U.S. decennial censuses, 1880-1940, provide information about individuals 36 including their sex, age, race, place of birth, the occupation and industry in which they worked, and their literacy status. In line with other researchers, the following adjustments were made to the IPUMS census data. Individuals aged less than 12 or over 70 were dropped, as were those who were in school during the past year, those in group quarters, those reported as disabled, those living on military establishments, those who gave a non-occupational response or who stated that they were not in the labor-force, and those for which there was no person weight or a person weight equal to zero was given. Finally,11 occupations for which a satisfactory match could not be found in the task data were dropped 37 .
Power data
The U.S. censuses of manufactures, 1880-1940, provide information about the quantity and sources of power used in manufacturing industries across U.S. states. I use decadal data to match it to the population censuses. For 1880, no information on electricity usage in an industry was recorded and in the analysis below I assume that it was nil. This is likely a reasonable assumption given the low reported usage of electricity in the 1890 census 38 . The main electri…cation variable used in this paper is the share of total industrial horsepower used in a state-year that comes from electricity. The censuses of manufactures also provide information on the amount of capital used in each state-year, which will be included as a control in the regressions below. The capital stock data were de ‡ated using the Bureau of Labor Statistics'wholesale price index for 1890-1951 39 . There is a small issue with the comparability of the data across census dates: for example, from 1920 only establishments producing a minimum of $5000 worth of goods were included, whereas the minimum inclusion point was $500 prior to that date.
However, the Bureau of the Census and others claim that the changing scope of the census had little e¤ect on the overall statistics, as the plants which were omitted constituted a very small proportion of the workforce and the power employed-thus, I assume that the data are fully comparable across censuses 40 .
Final dataset
The power data was merged to the census data by state and year, while the task data was incorporated by matching occupations and industries from the DOT dataset with those de…ned in the population census. I have described the latter matching process in more detail in the data appendix. Using this dataset, the task variables were then "cleaned" of variation due to changes in the demographic composition of the population over the period. To do this, regressions were run for each census year in which the dependent variable was one of the task measures and the independent variables included age, age squared (to control for experience), race, gender and literacy 41 . The residuals from these regressions were then used as the …nal task variables, i.e., as the dependent variables in the regressions described in the next sections. Since the tasks are measured on a somewhat arbitrary, and ordinal, scale, I normalize the values along a (0,1) spectrum by ordering them according to the distribution of tasks in the 1880 census-in other words, any changes in the task variables are changes relative to a 1880 baseline 42 .
The …nal dataset contains observations on 606,756 individuals who worked in manufacturing . When aggregated to the state-year level, and weighting by the census person weight variable, there are 298 observations spanning six census years.
This section presents summary statistics for some of the variables of interest, then outlines the empirical strategy used to identify the labor market e¤ects of electri…cation and presents the results of weighted OLS and 2SLS estimations. Finally, some robustness checks are discussed.
Summary statistics
Figures 2a-2e below show the variation in the intensity of use of electricity across states, 1900-1940.
These maps illustrate that there is substantial cross-state variation in electri…cation and that some states that were initially lagging behind in electricity adoption (West Virginia, for example) caught up by the end of the period. The cross-state variation in the di¤usion of electricity was the result of a number of factors, including the potential to use hydro-electric power, which had a lower marginal cost than thermal power creation; the availability of municipal power which aimed to charge lower prices; and the population level and density, which a¤ected the ability of power companies to spread the high …xed costs of power generation over a larger number of consumers. A large base of residential, commercial and industrial consumers would also allow utilities to keep their capital employed over the entire 24 hours of each day, as each type of customer uses electricity at di¤erent times of the day.
Since immigration is included as a control variable in the extended speci…cations, as laid out below, it is appropriate to brie ‡y discuss immigration during this period. Immigration was very high before 1914
and was virtually shut o¤ after that time. The last immigrants entering the United States were probably the lowest skilled immigrants ever to enter in the era of mass migration before World War I. The evidence for this can be found both in the historical literature and in an analysis of the occupational concentration of immigrants in the early decades of the century. In particular, among recent (those who immigrated within the previous 10 years) Southeastern European immigrants recorded in the 1910 census, only 69% could speak English, and over the longer period, 1860-1930, immigrants from Southeastern Europe were 10-20 percentage points less likely to be literate than native-born Americans 43 . Immigrants were less likely to be clerical or professional workers than natives, and they were concentrated in jobs that used more manual and less intellectual or craft skills than natives, as is shown in Table 2 below. They worked in jobs that required less on-the-job training, more repetitive tasks, and were less likely to involve dealing with people 44 . As a result, the regressions will control for variation in the task supply due to immigration by including the foreign-born share present in each state-year. The interpretation of the coe¢ cient on F BShare is discussed in detail in the Results section. Occupations such as cashiers, who regularly deal with money and numbers, and draftsmen, who make mechanical drawings using mathematical knowledge rate more highly on the numerical and clerical tasks than do jobs like …remen and brakemen, which are extremely heavy, physical occupations. Table 3b presents similar information for dexterity tasks and displays a similarly plausible ranking of occupations according to their relative dexterity/manual intensity.
Empirical strategy
The following speci…cation follows from equations (4) and (5) and was run for a variety of left hand side variables, weighted in each case using the person weight census variable 45 :
where and are year (t) and state (s) …xed e¤ects which capture common variation in relative wages and state-speci…c technologies, respectively. Thus, the identifying variation is within states and over time. Elecrate, the proportion of total horsepower in each state-year that comes from electricity, is the main variable of interest. On the left hand side, R st re ‡ects a variety of task variable ratios, to be used to identify the e¤ect of electri…cation on changes in the relative demand for each type of labor. The following task ratios were analyzed: dexterity/manual ; clerical/dexterity; clerical/(manual+dexterity);
and (managerial+clerical)/(manual+dexterity), where clerical is an average of numerical and clerical tasks, manual is a measure of the degree of strength needed in a job, dexterity is a measure of how much physical manipulation is needed in an occupation and managerial is a combination of the planning, supervising and dealing with people task measures. Each R st variable is the log of the ratio of the mean values of the task variables for the sample of workers in each state and year. Note that since the same task data are used for each period there is no within-occupation variation over time, and thus the results are driven by occupational shifts that occurred within states over time.
Extended speci…cations were developed which include controls for other factors that may have in ‡uenced relative task employment, namely capital per worker, the share of workers who are immigrants and the education level of the labor force. Speci…cation (6) can therefore be rewritten as:
where Caplab is logged, adjusted for price changes over time, and measures capital per worker; F BShare is the proportion of total population in each state-year that is foreign-born; and EducP roxy is a constructed measure of average years of education by state and year. These variables are included to control …rstly for the fact that capital may be more complementary to a particular type of labor, thus a¤ecting relative labor demand, and secondly for the shock to task supply caused by immigration (and its cessation after 1920) and …nally for the changes in educational attainment which also dramatically a¤ected task supply. The construction of EducP roxy is discussed in the next section. In the regressions where F BShare is included the dependent variable includes the relative task employment of native-born Americans only.
Variable Construction
This section explains the construction of the control variable EducP roxy and then outlines the construction of an instrumental variable for F BShare, which might be needed if it is believed that the location choice of migrants is not random.
There is no information on individual educational attainment before the 1940 U.S. census. However, information is available on school enrollments by state and demographic characteristics for each census year, and can be obtained for every state-year through interpolation. Following Margo (1986) , this can be used to construct a probabilistic measure of education for each individual based on their year and state of birth, sex, and race 46 . The formula used to construct this measure is given below and was implemented separately for each sex, race, state and year of birth cell:
where p(j) is the enrollment rate for that cell at each age j. The assumption here is that individuals can enter school at age …ve at the earliest and must …nish their schooling before age 21. The proxy is found to be quite reasonable, with known educational leaders such as Iowa consistently ranking …rst and known educational laggards such as Georgia and Alabama occupying the lowest positions in each year.
In order to maintain the integrity of this measure, the sample was limited to the 1900-1940 censuses and to people aged between 20 and 40 who were in the manufacturing labor force in those years.
An instrumental variable was constructed for the foreign-born share in the population, based on the Regressions were then run using ImputedF BShare as an instrument for the F BShare variable in the extended speci…cation. The results are discussed below. Table 4 displays the baseline OLS results. The …rst two columns illustrate that electri…cation during this time led to a "hollowing out" of the labor force, as clerical tasks and manual tasks increased relative to dexterity tasks. This mirrors the more recent polarization of the U.S. labor force which was partly driven by computerization. Recalling from Table 3b that occupations that are intensive in dexterity largely consist of skilled blue-collar jobs, the results indicate that demand for these tasks, and thus for skilled blue-collar work, decreased relative to demand for pure manual, or low-skill, tasks and to white-collar clerical workers. Furthermore, these results are broadly in line with the descriptions of technological change from the historical literature which indicated that, among blue collar workers, the most skilled were often displaced by machinery, but that more clerical and supervisory work was necessitated by the increased speed and volume of production. It is somewhat di¢ cult to interpret the coe¢ cients in these regressions due to the fact that the task ratios do not re ‡ect economic variables in any obvious way, but if we take a state such as Illinois, in which the average manufacturing employee (i.e. an individual working in a representative occupation with the state average dexterity/manual task score) in 1880 was a craftsman and apply the predicted task e¤ects from the regressions, then by 1940 that craftsman has become an operative, i.e. a signi…cantly less-skilled worker 47 .
OLS Results
These …ndings are robust to the inclusion of capital per worker, the share of workers who are foreignborn and the educational attainment of the labor force as control variables, as shown in Table 5 . The 4 7 A craftsman is somebody who has been trained in a particular trade and probably manufactures a product from start to …nish by himself. An operative is a worker with less skill and training who likely completes part of a good and uses some capital to achieve that goal. lack of data on the capital stock for 1930 and 1940 accounts for the large decrease in the sample size in this speci…cation. The coe¢ cient on the foreign-born variable suggests that native-born workers move into jobs that are relatively more intensive in white collar tasks in the presence of more immigrants. This is the expected response given the di¤erent task pro…le of immigrants and natives ( Table 2 ) and shows that natives respond to an in ‡ux of lower skilled manual-task performing immigrants, which likely lowers the returns to such tasks, by shifting their skill supply away from manual tasks. These results are in line with Peri and Sparber (2009) The F-statistic in the …rst stage regression is about 92 so the instrument is strong. This approach further ensures that the results are not contaminated with the e¤ects of a third variable associated with both immigration and electri…cation 48 . The results shown in Table 5 imply that shocks to tasks supply as measured by changes in educational attainment and immigration levels and shocks to task demand that occur through changing levels of physical capital are not responsible for the movements in relative task employment and lend more weight to the idea that electri…cation is the main driver of the trends identi…ed above. Table 6 displays OLS results in which the dependent variable is the individual task measures, rather than the ratios used in Tables 4 and 5 . The results show that the changes in relative demand found in Tables 4 and 5 are driven mainly by increased demand for numerical and clerical tasks combined with diminishing demand for high-skilled blue collar dexterity tasks. Demand for raw manual tasks changed little due to electri…cation. One advantage of the task data is that more can be said with respect to the fact that the demand for white-collar workers increased relative to that for blue-collar workersthe evolution of tasks within these groups of workers can be analyzed. Here, blue-collar workers are represented by production workers and Table 7 presents results using a restricted sample containing only these workers. Even by 1940 non-production workers made up only 19% of employment in manufacturing in the sample. Interestingly, the production sector does show signs of increased relative demand for managerial tasks, indicating that supervision and coordination became more important features of this sector post-electri…cation. This is also in line with the historical literature. So again, there appears to be a "hollowing out" of the labor force even within the factory ‡oor personnel.
These results represent an update to the literature on historical technological change in the American 4 8 These results are not reported in this paper but are available upon request.
economy. Speci…cally, Goldin and Katz (1998) claimed that technological change during this period increased the demand for high skill workers, even at the level of the factory ‡oor. This paper, in contrast, suggests that the increase in education levels among blue-collar workers may have been only a supply-side phenomenon and that, on the demand side, education was important only as a signal of worker ability or e¤ort and that in fact there was some de-skilling occurring on factory ‡oors during this period.
Instrumenting for Electri…cation
Despite the careful construction of several control variables, it may still be the case that neither equation (6) nor equation (7) identi…es the causal e¤ect of electri…cation on relative task employment. One potential reason for this is that Elecrate may vary across states partly as a response to the existing composition of manufacturing activity or to the relative task supply that prevails. Such endogenous technological change has been examined in similar contexts by authors such as Acemoglu (1998) . In this case, the identi…cation strategy employed above will fail and OLS estimates will be biased in favor of those types of tasks which proved to be complementary to electricity. Understanding the motivations of factory owners in adopting electricity is useful in assessing the magnitude of this bias: as was discussed in section 2 a recurring theme in the literature is that managers were primarily motivated by the desire to save on energy used in production and were pleasantly surprised when electricity ultimately allowed them to also economize on labor. Clearly this favors the exogeneity of electri…cation to labor demand, however a variety of instrumental variables strategies will also be employed to ensure identi…cation of the true labor market e¤ects of electri…cation.
The …rst instrument considered exploits cross-state heterogeneity in the adoption of state regulation of the electric utility industry. One of the main drivers of the decrease in the cost of electricity was the development of central electric power stations. This development was facilitated in part by the advent of state-level regulation, …rst adopted in 1907 by Wisconsin. Before that time, the electric industry was regulated at the local level, so that each company that wanted to produce and sell electricity in a particular city or locale had to obtain a separate license from each. This system stunted the growth of utilities and the economies of scale that such a growth might bring. a score of 1 if they had state regulation but gave the regulatory commission only limited powers and …nally those states who had no form of regulation were given a score of 0. The resulting indices were then used as an instrument for electri…cation in the 2SLS regressions.
The …rst 2SLS speci…cation uses regulation as an instrument for electri…cation. Results are presented in Table 8 and are broadly in line with the OLS results, while not always maintaining signi…cance. The instrument produced a …rst-stage F-statistic of 90. The coe¢ cients on dexterity/manual are even larger than under OLS and are just signi…cant at the 10% level. The coe¢ cients on clerical/manual are encouragingly close to those of the OLS baseline, but much precision has been lost here. These results suggest that endogeneity is not a signi…cant problem and that the results are robust to using solely the exogenous variation in the electricity variable.
The second instrument uses exogenous cross-state variation in geography to predict electri…cation.
The argument here is that di¤erences across states in their elevation, river length and river gradient should predict the ease with which states can engage in hydro-electric power generation but not a¤ect across the time dimension. When 2SLS regressions were run, the results suggest that, similar to the 2SLS results obtained using state-level regulation laws as an instrument, the dexterity/manual results hold strongly and the pattern of increasing relative demand for clerical tasks over all others cannot be rejected but is now statistically insigni…cant. only magni…ed a previous trend towards an increasing white-collar intensity of the labor force.
Further Investigation
This section presents some additional results with the aim of constructing a richer picture of changes in the U.S. labor market 1880-1940. The previous results showed the basic trends in the skill content of jobs and, speci…cally, highlighted the decline in the relative importance of dexterity-intensive jobs. This section addresses whether these changes a¤ected all dexterity workers equally or whether the brunt was borne by minorities or other types of workers. Secondly, regressions were run separately for non-whites. The results suggest that there was little e¤ect on non-white relative performance of clerical tasks, but that there was a much bigger relative decline in dexterity task performance compared to white workers. However, it is well-documented that there was substantial migration of blacks out of the rural South into Northern manufacturing during the later part of the period examined here. This migration could be driving the results here. More explicitly, the concern is that blacks were moving into Northern manufacturing jobs and naturally entered the labor force at the bottom of the occupational ladder, in manual jobs, rather than being displaced out of dexterity jobs into manual jobs. In general, migration across states or from rural to urban areas could be a threat to the identi…cation strategy used above. To examine this issue, I split the sample into white migrants, white non-migrants, non-white migrants and non-white non-migrants and re-ran the typical regressions. I de…ned migrants as those whose state of current residence was di¤erent to their state of birth. The results are shown in Table 10a and 10b, for non-whites and whites respectively. They show that the results for white migrants and non-migrants all match those identi…ed above for the full sample. However, there are no signi…cant results for non-whites. Because of the small sample size for this group, it is di¢ cult to de…nitively say that migration drove the results in this case, but that is certainly a possibility.
It would also be interesting to know what happened to workers who were displaced from their original tasks as a result of technological change. In particular, were these workers moving into other sectors such as transportation and distribution, or the retail and wholesale sectors which grew so strongly during this time? Or did the workers simply move down the skill ladder and accept jobs as manual laborers? A number of surveys were conducted in the 1920s and 1930s which asked workers how their situations had changed following a prior lay-o¤ 57 . Speci…cally, the surveys analyzed the fortunes of garment cutters in Chicago and workers from a rubber company who were laid o¤ in New Haven and Hartford. The general trends show that workers did not …nd employment in the same occupations and with wages as high as they had enjoyed previously. Many workers moved into jobs such as drivers and truckers which involved less skilled work than they had previously done. Additionally, work on the printing industry by Elizabeth Baker found that displaced workers preferred to try to remain in the same occupation or industry but that, once displaced by technology, it was more di¢ cult to …nd similar permanent employment. Many former pressman assistants became chau¤eurs, salesmen, transport conductors and some became mechanics or carpenters 58 .
Using the IPUMS data, Figure 3 depicts the sectoral composition of the U.S. labor force for the period of interest. The decline in the agricultural sector stands out clearly in this diagram, but it is also clear that manufacturing grew somewhat and the retail sector grew steadily, as a share of total employment.
After 1920, the professional sector, which includes those employed in …nancial and advertising services, grew noticeably. To get some idea of whether workers were displaced out of manufacturing employment or simply moved down the occupational ladder within manufacturing, I ran regressions using the share of the labor force engaged in the manufacturing sector as the dependent variable and electri…cation as the main explanatory variable. The results show that electri…cation increased the manufacturing share of total employment, but that this relationship is only signi…cant over the period 1880-1920. After 1920, electri…cation appears to have had an almost zero in ‡uence on this share. Factory owners may have found more ways to substitute away from labor over time so that by the 1920s-30s there was little room for displaced workers to change occupations within manufacturing. Taking the state of California as an example, the change in the electri…cation rate over 1900-1940 implied a 9 percentage point increase in the manufacturing share of employment, whereas in reality the manufacturing share changed by 8 percentage points. However, given the huge employment contraction during the 1930s, one should be cautious with these results. Breaking up the sample into 1880-1910 and 1910-1940 and running the original regression using task ratios as the dependent variable sheds some light on the manufacturing share …ndings. Table 11 presents the results and shows that it was in the early part of the sample period that the main increase in relative intensity of white collar tasks occurred and that the relative decline in dexterity tasks did not occur until after 1910. This is consistent with the initial increase in the manufacturing share of employment as a result of electri…cation just discussed, and also implies that dexterity workers who were displaced after 1910 likely found employment within the manufacturing sector, presumably at a lower occupational status than previously.
Robustness Checks
A variety of additional robustness checks were performed. I experimented with dropping outliers from the sample, including states that were very small and new in the early part of the sample (Nevada, Arizona, New Mexico), states that were large and early adopters of electricity (California) and unusual regions (the South). I also used a limited sample which excluded data for 1880 because of the suspicion that the 1949 task data might not be applicable to the 1880 distribution of occupations. None of these changes altered the results 59 . Similarly, a variety of speci…cations were re-run using only electricity that was purchased from an electric utility to construct the electri…cation rate (earlier speci…cations used total electricity which includes electric power generated at the factory itself), with no changes in the results. Results from regressions using total task employments as the dependent variables instead of mean task intensity also yielded consistent results.
State-speci…c time trends were added to the basic speci…cations and the results displayed some loss of precision, as predicted, but no great change in coe¢ cient sign and size. This is an important robustness check, as it shows that general changes in states over time are not the main determinants of the results. This speci…cation uses only variation from sudden changes in electri…cation rates within states over time and adds weight to the results displayed above.
Thus far in the analysis the regressions have been weighted by total employment in each stateyear, as proxied by the total number of workers employed (using the census weight value). However, the number of hours worked per individual becomes available in the 1940 census, allowing for a more detailed measure of employment. I therefore combined these data with state level hours worked data collected from the 1910 and 1930 censuses of manufactures along with city-level data for 1920 collected by Robert Whaples 60 and similar data for 1880 from Atack and Bateman (1990) . No data could be found for 1900 so interpolated data was used. Next, measures of average annual hours worked were multiplied by total workers employed resulting in a new proxy for total employment at the state-year level. This data suggests that hours worked per year decreased by 43% at the national level over the period 1880-1940 61 such that accounting for this margin of employment variation is important. When incorporating hours worked in the regression weights, the coe¢ cient on electri…cation remains the same in most cases and in some becomes larger, suggesting that the pattern of change in relative hours worked reinforces the e¤ect found using relative numbers of workers.
Conclusion
The results presented in this paper suggest that technological change in early twentieth century United
States was white-collar task-intensive. Critically, however, it also resulted in a hollowing out of the labor force such that high-skill blue-collar tasks declined in relative importance to low-skill manual tasks, while demand increased for clerical and managerial tasks. Instrumenting for electri…cation using exogenous di¤erences in timing in adoption of state regulation of utilities reinforces the results found in OLS regressions. The results also hold with the addition of other controls for shocks to labor supply, as well as under a variety of robustness checks. By examining the evolution in the use of particular tasks over time, it is shown that these changes in relative employment were driven by a signi…cant increase in the employment of clerical tasks along with a signi…cant decline in the employment of dexterity tasks, while demand for manual tasks remained relatively stable over the period. The results suggest that general purpose technologies bene…t workers with general skills and hurt those who possessed valuable skills that were complementary to the previously dominant technology. This pattern holds true for both electri…cation and, as demonstrated elsewhere in the literature, computerization during the twentieth 6 0 The data were compiled by Whaples (1990a) , Table A , Appendix 4. Whaples (1990b) identi…ed a relationship between electri…cation and the decline in the length of the workday before 1920. I thank Robert Whaples and Michael Haines, who directly supplied the data, for their help in constructing this measure.
6 1 Based on the author's measure of hours worked per year. About 17% of this reduction occurred before 1930, with a substantial further decline during the 1930s. My data appears to be broadly in line with the existing literature on hours worked-according to eh.net, working hours per week declined by 38% 1880-1940: http://eh.net/encyclopedia/article/whaples.work.hours.us Taking Technology to Task century. The fact that technological change seems to have been so similar in character during both of these important periods lends weight to the theory put forward by Goldin and Katz (2008) that increased inequality in the United States in the latter part of the twentieth century was driven more by the slowdown in educational attainment and less by a change in the nature of technological change.
A companion paper will analyze more carefully the mechanism through which these changes in the nature of American manufacturing employment were taking place. Speci…cally, I will use linked census data from the 1880 100% database through the 1910 census to discover how occupations shifted over time for individuals. I will also use synthetic cohort analysis to uncover whether or not the shifts were mainly within or across cohorts. This will allow for a better understanding of who the true winners and losers were from electri…cation.
A Data Appendix
In this section I will outline how the task dataset was matched to the population census, and give some examples to illustrate the process. For most of the individual observations, I used the census occupation and industrial classi…cations and found a match for them in the DOT task data, using the occupational de…nitions listed in the 1949 Dictionary of Occupational Titles. The IPUMS variables used were occ1950 (which classi…es the occupation of individuals across census periods) and ind1950 (which does the same for industry classi…cation). In some cases, more than one DOT could be matched to each census occupation-industry cell. In such cases, I used a third IPUMS variable, occstrng, which reports the exact response given by the census respondent when asked about their occupation. For that occupation-industry cell, I assigned the weighted average of the relevant DOTs, where the weights were constructed according to the responses listed in occstrng. The examples in A.2 below should make clear the procedure. For an even smaller subset of occupations, it was deemed appropriate to also match by sex, because they involved distinctive male and female jobs. The occupational categories concerned include janitors, maids, and policemen. For a limited range of individuals, I was able to match by occupation only-these tended to be professional occupations which were invariant by industry, as shown by the examples listed below.
Here are some examples to illustrate how the matching was achieved:
Easy concordances: Matching task data to census data only by occupation.
Census occupation "Chemical Engineer" matched to DOT "Chemical Engineer, Research and Development".
Census occupation "Librarian's Assistant" matched to DOT "Librarian Assistant".
Census occupation "Architects" matched to DOT "Architect, Marine".
Di¢ cult Concordance:
Matching task data to census data by occupation and industry Census occupation "Machinist" was matched to di¤erent DOTs depending on the census industry:
For the motor vehicle industry, the task data for "Machinist, automobile" was used. For the photographic equipment industry, the task data for "Machinist, camera" was used. Most of the other industries were matched to the task data for "Machinist", which is a generic title. Some industries proved more di¢ cult to match, so I looked at the real occupational responses given in the population censuses by the individuals within each industry (this is the occstrng variable available through IPUMS), and used a weighted average of the matching DOT occupations. For example, here is the breakdown for the ship building and repairing industry: 50% "Machinist, marine-gas engine"and 50% "Machinist, outside". So, for this occupation and industry cell, 50% of individuals listed an occupation that more closely matched the DOT description for "Machinist, marine-gas engine"and 50% more closely matched Taking Technology to Task the "Machinist, outside"description. In consequence, the cell received the simple average of task scores for the two occupations. I concorded the data this way to try to achieve as rich a dataset as possible, avoiding aggregating together people who are not doing exactly the same occupation and thus whose task content was somewhat di¤erent.
Certain census occupation categories were di¢ cult to match to the task data. Compromise solutions were found for the following: religious workers (an average of social and group workers, nurses and teachers was used); clergymen (an average of recreation, group and social workers was used); policemen and detectives (only a DOT for an o¢ cial government-employed policeman was lacking so I used industrial policeman/guard instead); marshals and constables (see policemen and detectives); sheri¤s and baili¤s (see policemen and detectives); statisticians and actuaries (an average of census taker and mathematician was used); midwives (an average of an untrained nurse and gynecologist was used); apprentice auto mechanics (an average of auto mechanic helper and apprentice automobile upholsterer was used); barbers (barber apprentice was used). In the cases of statistician, policeman and barber, these compromises were supported by an army publication of 1918, which outlined the duties involved in various jobs and listed some alternative jobs with similar tasks 62 . These occupations made up no more than 0.05% of the total sample. No such compromise solution could be found for the following occupations, which were consequently omitted: apprentice mechanics, except auto; conductors, bus and street railway; garage laborers and car washers and greasers; boarding and lodging housekeepers; paperhangers; real estate agents and brokers; postmasters; auctioneers; members of the armed services; managers and superintendents, building; mail carriers; attendants, auto service and parking. This gives a total of twelve occupations omitted from the analysis, out of over two hundred and …fty. Military personnel were dropped in any case, so there were in fact 11 omitted occupations, which constituted only 0.06% of the original sample 63 . For some individuals in categories such as "professions, technical and kindred workers not elsewhere classi…ed", a suitable DOT match could not be found because nothing was recorded in occstrng and the category is by de…nition vague and a catchment for di¢ cult to classify individuals. These also had to be dropped, but amounted to no more than 0.32% of the sample size.
B Tables and Graphs   6 2 Swan, John J. (1918) Trade speci…cations and index of professions and trades in the army (Government Printing O¢ ce).
6 3 In fact several of the occupations contained no observations after the IPUMS data was reduced to only manufacturing industries and the other changes described in the text were made. The occupations concerned were: conductors, bus and street railway; boarding and lodging house keepers; and postmasters. Electrification at the National Level: 1900 Level: -1940 Notes: The data are from the Censuses of Manufactures, 1900 Manufactures, -1939 . Water refers to power created at the firm level with their own water wheels, steam refers to power created at the firm level in steam engines, and electricity refers to power created either at the firm level and that was converted to electricity, or purchased electricity. Notes: Figures are based on the author's calculations from the 1900 population census distribution of occupations. The occupations presented were chosen because they represent each decile of the dexterity/manual distribution. The dexterity variable is an average of 4 dexterity measures-hand-eyefoot coordination, hand dexterity, finger dexterity and motor coordination--while the manual variable is simply the degree of strength required of a job. 198 198 198 198 Notes: The dependent variable includes only native-born Americans. The explanatory variables are specified in the first column. The method of estimation is Ordinary Least Squares, weighted by the person weight variable from IPUMS. Standard errors are shown in parentheses and were clustered at the state level. Notes: The dependent variable in each regression is specified in the first row. The explanatory variables are specified in the first column. The method of estimation is Ordinary Least Squares. Standard errors are shown in parentheses and were clustered at the state level. All regressions were weighted using the person weight variable from IPUMS. Notes: The dependent variable in each regression is specified in the first row. The explanatory variables are specified in the first column. The method of estimation is Ordinary Least Squares. Standard errors are shown in parentheses and were clustered at the state level. All regressions were weighted using the person weight variable from IPUMS. 194 194 194 194 Notes: The dependent variable in each regression is specified in the first row. The explanatory variables are specified in the first column. The method of estimation is Two Stage Least Squares. Robust standard errors are shown in parentheses. All regressions were weighted using the person weight variable from IPUMS. 195 195 195 195 Notes: The dependent variable in each regression is specified in the first row. The explanatory variables are specified in the first column. The method of estimation is Two Stage Least Squares. Clustered standard errors are shown in parentheses. All regressions were weighted using the person weight variable from IPUMS. The instrument used interacted mean state elevation with total state rainfall between census years. Table 11 Baseline OLS using 2 sample periods: 1880-1910 & 1910-1940 
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